The importance of the knowledge of ocean waves parameters for the naval and ocean engineering field is not questionable, and the limitations of the available methods to obtain this valuable information is the leading motivation to the search of better approaches and improved analysis methods. The use of conventional marine radar PPI images allows the estimation of wave parameters on a real-time basis, using both space and time information about the evolution of the ocean surface waves. In Part I 14), the two-dimensional (spatial information) spectral analysis of one radar PPI image was performed, and the limitations of this approach could be evaluated using radar images numerically generated.
To overcome those limitations the wave number-frequency spectrum is calculated from a set of radar images through a three dimensional FFT. The understanding of the components of this spectrum and the comparison with the expected dispersion shell allows the filtering of noise and correction of aliased frequencies. In this paper, simulated radar images generated as described in Part I and experimental data are used to evaluate the analysis method. The significant wave height was recovered using a new approach based on the shadow ratio present on the radar image.
Introduction
The knowledge of the ocean waves parameters on both statistical and real-time basis is useful not only to the design of ships and floating structures but also to the maintenance and ship routing, improving safety and efficiency on operation.
The use of conventional marine radar as a ocean wave measurement system is not a new approach and a large number of related works can be found in the literature 2) 3)4)5)6)7 
An example of one wave number power spectrum is given in figure  1 .
The k power spectrum is in the polar form making the derivation of statistical measures from the spectrum a difficult task and another representation suited to make this analysis, the directional power spectrum, is derived. From the wave number-direction power spectrum the frequency-direction power spectrum may be derived, as
shown in equation (8). (8) In equation (8) 
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From the one dimension frequency power spectrum some statistical parameters from the ocean waves can be easily derived.
The spectral moment Mk can be calculated as shown in equation (10).
(10)
The significant wave height H1/3 can be obtained from the moment mo (see equation (10)) using equation (11). (11) The mean period T01 is calculated from the moment mo and mi as shown in equation (12). (12) And finally, the mean zero crossing period T02 can be obtained using equation (13). (13) 3. 
where g is the gravity acceleration, k is the wave number, w is the wave angular frequency and d is the water depth.
For deep water the dispersion relation can be simplified to equation (15) , and this expression is used in this work.
The energy (amplitude) for a given wave number is expected to be on the frequency given by equation (15). Considering the aliasing effect the barrier imposed by the rotation speed of the radar antenna can be overtaken 10). The shortest wave that the system will be able to measure will be then dependent on the range resolution of the radar system.
In figure 7 an example of the aliasing effect is shown, the components inside the elipse should be placed on the place pointed by the arrow.
The reconstructed or unfolded spectrum is shown in figure 8. The intensity of the points of the radar image are related also to the incidence angle of the radar signal on the facets of the ocean surface. Equation (18) shows the relationship between the wave height power spectrum Sh and the wave slope power spectrum Sc.
Observing equation (18) it is possible to observe that the tilt effect in the image intensity is proportional to the wave number k by the second power.
From those consideration it is possible to observe that the modulation transfer function must be proportional to ka , with a smaller than 2. This value was determined empirically as being 1.2, as shown by Nieto9)") and Seemann 13).
Calibration
The possible. In order to be able to obtain the absolute direction-frequency power spectrum, the significant wave height must be estimated. With this information the radar image frequency-direction power spectrum can be calibrated.
1 The Signal to Noise Ratio
A wide spread approach to the calibration procedure is the use of the signal to noise ratio (SNR) as an estimator of the significant wave height. This estimation procedure was developed to the wave measurement system based on the synthetic aperture radars (SAE but is also used in wave measurement systems based on marine radar 9)11)13). The spectral peak of the image is known to be proportional to the significant wave height and the ratio is used to attenuate the fluctuations due to the sea surface roughness variations. The SNR is given by equation (19) as the ratio between the spectral peak of the image and the background noise (BGM. The BGN is the spectral energy outside of the dispersion shell in the wave number-frequency spectrum.
The calibration is then performed using measurements 
Simulation Results

Simulation Parameters
In the simulations performed in this section, parameters from a real marine radar system were adopted. The marine radar system specification and the radar operation parameters are shown in table 1 and   table 2 , respectively.
2 PPI Images
Simulations were performed using the approach developed by Takase and Hirayama 14). The parameters used to create the ocean surface that corresponds to the radar PPI image shown in figure 10 are given in table 3.
The corresponding wave number power spectrum is shown in figure  1 and frequency-direction power spectrum is shown in figure 2 .
To perform the three-dimensional spectral analysis, a set of 32 (25) radar PPI images where generated from the evolving sea surface at a sampling rate of 22 images per minute or one image per 2.7 seconds. The wave number-frequency spectrum for the sequence of simulation generated radar images is shown in two planes, the kx-ƒÖ plane at ky=-0 in figure  11 and the ky-ƒÖ plane at kx=0 in figure 12.
The raw directional power spectrum, or non-calibrated frequency-direction power spectrum, derived from the wave number-frequency spectrum is shown in figure  13 . Calculating the moments mo and mi from the frequency-direction power spectrum shown in figure 13 , the value of 12.4 sec for the mean wave period T01 could be obtained using expression (12). A peak propagation direction of 45 degrees could also be retrieved from this Table 2 Operation Parameters Table  3 Wave Parameters In this work fourteen sets of 32 radar PPI images were 
PPI Images
One radar PPI image from the sample number one is shown in figure  15 , with indications of the north direction and the ship direction. In this figure the area selected for analysis can also be seen.
The information of the ship speed and ship direction in figure  16 and the ky-ƒÖ plane at kx=0 in figure 17.
The non-calibrated directional power spectrum derived from the wave number-frequency spectrum is shown in Table 6 Radar System Operation Parameters Table 7 Ship speed in knots and orientation in degrees, clockwise from north, during the data sampling. The modulation transfer function used was proportional to k2 in order not to attenuate the shadowing effect.
In figure 19 figure   20 with wave buoy data and visual observation data.
In figure  21 the measured values of the significant wave height are shown with the hind cast data and ship motion analysis data.
The mean zero crossing period T02 was estimated for each set of radar PPI images. This could be done calculating the spectral moments mo and m2 from the non-calibrated radar image frequency-direction power spectrum.
The values for the mean zero crossing period (T02) measured by the wave buoy, visual observation and from marine radar system and the use of non-linear models to describe the ocean surface elevation.
